Background Although the Eastern Mediterranean Region (EMR) healthcare sector has been expanding rapidly, many differences exist across socioeconomic status, clinical practice standards and healthcare systems.
Introduction
Life expectancy is a commonly used indicator of overall development of a country and has steadily increased over the past 10 years in most countries of the world (Kabir 2008) . Increased longevity, in turn, has resulted in important implications at the patient and societal level through its relationship with quality of life, healthcare innovation, economic growth, human capital investment and fertility behaviour (Zhang et al. 2001; Coile et al. 2002) . Beginning with Auster et al.'s (1969) estimation of production functions for health at the population level, theoretical justifications have been made, which stipulate that life expectancy is also influenced by behavioural and policy variables beyond medical care and environmental factors (Auster et al. 1969; Folland et al. 2009 ). Income, education, urbanization, healthcare spending and inputs including the number of physicians, access to safe drinking water, nutritional outcome and geographical location have been found to be significant determinants of life expectancy across developing countries (Husain 2002) . Applied to policy decision making, Kabir (2008) suggested that countries formulate and implement appropriate social sector programmes to increase physician's availability, reduce illiteracy and improve nourishment to ultimately lengthen life expectancy.
The aforementioned issues remain particularly important in the developing world, especially within the Eastern Mediterranean Region (EMR) given recent socioeconomic changes and concerns of investments in health, education, sanitation and environmental sustainability (El-Jardali et al. 2007) . The majority of Eastern Mediterranean countries has placed emphasis on improving health care for their citizens, illustrated in the increase in primary care and other healthcare service expenditures (Kronfol 2012a) . Globally, improvements in the incidence of poverty, adult literacy, sanitation, nutrition and access to safe drinking water have generally occurred since the 1990s, positively impacting life expectancy (Hitiris and Posnet 1992) . Despite this, many of the countries of the developing world and EMR region have noted lower life expectancies despite increases in income and health expenditures [World Health Organization (WHO) Regional Office for the Eastern Mediterranean 2012].
The EMR healthcare sector has been expanding rapidly and has affected both the lives of people in the region and the economies of their countries (Abyad et al. 2007 ). This region of the world has markedly diverse lifestyles and socioeconomic status, ranging from low-and low-middle income countries to fully industrialized, developed nations. Beyond differences in healthcare systems, wide variation is also present concerning fertility rates, infant mortality rates and death rates, with most developing nations typically experiencing poor quality of care (WHO Regional Office for the Eastern Mediterranean 2012). For example, Sandhu and Mustafa (2008) estimated that almost half of all maternal deaths in Bahrain could have been prevented by eliminating the existing shortage of intensive care beds. Furthermore, Hong and Ruiz-Beltran (2008) reported that the risks of infant mortality in low-birth-weight children in Egypt were three times higher compared with other nations due to a lack of prenatal care, access to safe sources of drinking water and hygienic toilet facilities for women. Other studies have shown that approximately half of tuberculosis patients in Egypt received poor treatment interventions in pulmonary care facilities and that over half of children had non-protective levels of hepatitis B surface antibody levels because of suboptimal vaccination strategies (Elmahalli and Abdel-Aziz 2007; Shaaban et al. 2007 ). Many developing nations in the EMR also experience similar problems due to social barriers and poor education (Al-Kandari et al. 2007; Qureshi and Shaikh 2007; Roudbari et al. 2007; Ottmani et al. 2008) . To illustrate, Kuwait and Pakistan women were found to have experienced negative impacts on their health status and that of their families due in large part to societal constraints (Al-Kandari et al. 2007; Qureshi and Shaikh 2007) .
Noting the rapidly changing political and healthcare systems across the EMR, a lack of adherence to clinical practice standards within rural areas continues to remain an issue. Iranian physicians and nurses have been found to be poorly adherent to standards of care concerning hygienic practices, resulting in increased incidences of infectious disease within their patient populations (Askarian et al. 2006) . Government laboratory detection of tuberculosis in Iran ($2.2%) indicates the need for closer co-operation between the public and private sector (Masjedi et al. 2008) . Inexpensive rural health development programmes in Iran have resulted in declining measures of rural-urban disparities in health indicators (Aghajanian et al. 2007) . The role of globalization remains mixed, potentially negatively influencing lifestyles (e.g. unhealthy diets) and overall health systems (e.g. restricted access to new medical technologies, emigration of skilled health professionals) (Sabri 2008) . Although steps have been taken to improve healthcare systems in the EMR, extensive requirements for improvement still exist.
The geopolitical landscape of the EMR is unique and extremely challenging given its varying state of crisis and conflict. Many EMR countries have recently experienced or are continuing to experience emergency health situations due to military interventions and occupations, internal civil strife, political and economic tension, or displacement and flight of large populations (Kronfol 2012a) . Furthermore, chronic emergencies and disasters (both manmade and natural) have had a substantial impact on the livelihood and health status of communities, threatening their lives and disturbing their emotional and social well-being (Kronfol 2012b ). In 2002 alone, an estimated 250 000 individuals in the EMR were killed or displaced by disaster or conflict, while an estimated 90 million persons are currently living today under difficult circumstances as a result of war, disaster and/or sanctions (WHO 2002; Kronfol 2012a) .
In addition to the aforementioned threats and vulnerabilities that often primarily affect the poorest members of these populations, there are newly emerging threats including a possible pandemic influenza, high food and oil prices and weather pattern changes (Musani and Shaikh 2008) . Noncommunicable disease mortality in the EMR is more than three times higher now than mortality from infectious and parasitic diseases; however, emerging or re-emerging infectious diseases such as brucellosis or Dengue fever are of concern for the region (WHO 2008; Jelinek 2009 ). Challenges remain simply to sustain a given level of health status within these vulnerable populations, particularly in delivering humanitarian assistance to national authorities in any event of additional emergencies (WHO 2002) .
A paucity of research exists that focuses upon the health of persons in the EMR and in the empirical estimation of their production functions of health. As such, the purpose and main objective of the current work was to predict production functions of health by measuring various socioeconomic, developmental and expenditure factors upon life expectancies across Eastern Mediterranean nations.
Methods
The WHO Global Health Observatory (GHO) and the World Bank databases were used to assess predictors of life expectancy in the EMR for this observational retrospective study World Bank 2013) . The WHO GHO provides access to >50 data sets on its 194 member countries, including priority health topics including mortality, burden of diseases, the Millennium Development Goals (MDGs, i.e. child nutrition, child health, maternal and reproductive health, immunization, HIV/AIDS, malaria, neglected diseases, tuberculosis, water and sanitation), non-communicable diseases, health systems, environmental health, among others (WHO 2013). The World Bank contains a Development Data Group that maintains a number of macro, financial and sector databases. The content and structure of World Bank data is similar to the WHO GHO, capturing 188 member countries. The time horizon captured in this study spanned from January 1, 1995 to December 31, 2010.
Inclusion criteria for this investigation included all countries in the EMR, totalling 21 nations (Table 1) . Based upon theoretical and empirical work, it was hypothesized that a health production function consisted of lifestyle factors, expenditures (both government and private), demographics, mortality and burden of disease that would have cumulative effects on life expectancy; the consumption of these factors over time thus has either positive or negative effects on the individual's longevity (Anand and Barnighausen 2004; ISO 2004; WHO 2006) . Building upon this, several key variables for life expectancy and broader health outcomes were considered for this study. Gross domestic product (in billions) [GDP] was taken as the per capita income of the countries for international comparison. The adult literacy rate (ages 15 and over who can read and write) [LIT] was used to represent the education of the citizens. Per capita total health expenditure (purchasing power parity) [HE] was considered one of the key determinants of life expectancy [LEBirth] , although the measurement of health expenditure is not without limitations (ISO 2004) . Items included in medical consumption are rather limited and do not fully represent the number and complexity of health services provided in a country. Because deflators are unavailable for public and private sectors separately in most countries, private sector weights are often used in calculating purchasing power parity for healthcare expenditure. In the countries where the share of private health consumption is low, the private sector weights might not be appropriate . [VACC] against diphtheria-tetanus toxoids and pertussis (DPT3), meningococcus (MCV) and polio (POL3) were included as other possible determinants. Categorization of countries was determined by cluster analyses to assess similarities of lifestyle factors, expenditures and burden of illness. Death rate and infant mortality were considered; however, due to high correlation with life expectancy at birth (r ¼ 0.9563 and r ¼ 0.9579, respectively), they were omitted. In addition, given the low rate of alcohol consumption in the EMR, this lifestyle factor was also omitted.
Cluster analysis
To both establish and validate appropriate categorization of countries within the EMR, a cluster analysis was undertaken to group cases by simultaneously taking a number of selected characteristics into account. Ideally, countries within clusters should be more similar than those between, hence maximizing homogeneity within clusters and heterogeneity between clusters. The specific approach employed in the current study utilized agglomerative hierarchical clustering methods, beginning with each country forming a cluster of its own, and then gradually joining countries to form clusters of similar countries until all countries come together within one group (Everitt et al. 2011) . Once a country is allocated to a given cluster, it remains within this initial cluster throughout the analytic framework.
Squared Euclidian distance was the proximity metric used in present cluster analysis. Ward's variance minimization method was chosen as the clustering algorithm, in which agglomeration of subjects into a given cluster is halted if the cluster's variance exceeds a threshold, at which time a separate cluster is introduced. This method improves the relative homogeneity of a given cluster in terms of the clustering variable(s) used (Aldenderfer and Blashfield 1978) . Omnibus statistical significance testing using univariate analysis of variance with Scheffé pair-wise follow-up comparisons was applied to compare means among clusters with two or more countries in order to assure that clusters were statistically distinct on the variables used. Omnibus testing of medians was performed using a KruskalWallis test.
The uncorrected Mann-Whitney U test was used for any pair-wise median differences. Eta 2 quantifies the amount of variance in the clustering variable(s) accounted for the cluster solution (Aldenderfer and Blashfield 1978) .
Econometric analysis
Based in part upon prior research, the econometric model specified in the current study was as follows: (Laird and Ware 1982; Almon 1965; Almon 1968) . A logarithmic transformation was used for several skewed variables (i.e. life expectancy, health expenditures and GDP) to control for model heteroskedasticity, yielding either full/constant elasticities (log-log) or semi-elasticities (log-lin) (Skrepnek 2005) . Overall, several reasons emerge which advocate for the use of both a variance-component and a lag function in this analysis. Concerning the application of the random-intercept model, it should be noted that the general form of a mixed model is illustrated as
wherein a country-specific intercept may be present (b 1 þ j ). The random intercept ( j ) may be considered a random parameter that is not estimated with the fixed parameters b 1 through b p , but whose variance ( ) is also estimated with the variance () of the error term (" ij ). The random-intercept model with covariates is perhaps the most straightforward example of a linear mixed (effects) model, wherein both fixed and random effects are incorporated (Granger 1969) . The location error component ( j ) represents combined effects of omitted country characteristics; if j is positive, the total residuals for country j, " ij will tend to be positive, leading to a higher increase in life expectancy than predicted by the covariates, and vice versa if j is negative. Given that j is shared by all responses for the same country, within-country dependence is present among total residuals " ij. Applied to the current investigation, model specification and efficiency of the random-intercept model were tested vs both fixed effects and random coefficient approaches (i.e. Hausman endogeneity test, likelihood-ratio test of slope variances) (Hausman 1978) .
The distributed-lag component of the econometric analysis represents a dynamic model wherein the effect of a regressor (x) on a dependent variable (y) occurs over time rather than simultaneously; relating to the current work, life expectancy is intuitively an outcome that changes over time rather than instantaneously (Almon 1965 (Almon , 1968 . Also pertaining to lag models, presuming that a given regressor is strictly an endogenous variable, coefficients may be estimated via ordinary least squares or generalized least squares, among others, and any finite pattern of lag weights may actually be estimated as no restrictions are imposed on the lag coefficient. In the current study, the determination of lag length was undertaken based upon data availability, previous empirical work and goodnessof-fit assessments (e.g. Akaike information criterion, Bayesian information criterion). Therein, a lag length of 5 years was established as the most appropriate for this study.
Residual diagnostics were examined for assessing the variance and normality assumptions for j and " ij , including Level 1 and Level 2 sampling distributions (Granger 1969) . When testing for statistical significance, the level established a priori was 0.05. In addition, a one-way analysis of variance (ANOVA) was performed in order to assess differences of characteristics among developed and developing countries. All statistical analyses were performed using STATA/SE 12.1 (STATA Corp., College Station, TX).
Results

Cluster analysis
Results of the cluster analysis found two initial branches and four general groupings across the 21 EMR nations, presented in Figure 1 . The first branch, consisting of Clusters 1 and 2, was composed of six total countries and generally represented nonindustrialized/least developed countries (LDCs). The second branch, consisting of Clusters 3 and 4, totaled six and nine nations each, respectively, and captured more industrialized nations. The complete characteristics of these countries appear in Table 2, while Table 3 presents averages based upon cluster country status. In more detail, Cluster 1 consisted of Afghanistan and Somalia, each of which is classified as LDCs by the WHO. These countries can be described as consistently having the lowest average life expectancy (i.e. <50 years) and the lowest GDP (i.e. <$4 billion annually). Regarding infant/child health, the lowest vaccinations were observed relative to international standards (i.e. <95% vaccinated) and the highest infant mortality rates were reported (i.e. >100 per 1000 live births). A low level of health expenditures also translated into the low supply of physicians per 1000 population. These countries had the lowest literacy rates (i.e. <25% literate for both countries) with <20% having access to safe drinking water. Furthermore, the lowest percentage of urban populations was observed (i.e. <26%). Consistently high death rates and substantial undernourished populations further characterized the two countries within Cluster 1.
Cluster 2 covered Djibouti, Pakistan, Sudan and Yemen, technically representing non-industrialized nations. Similar to Cluster 1, these countries also had consistently low overall healthcare expenditures with relatively low GDPs, with Pakistan being a potential exception. Vaccination rates were generally higher than those in Cluster 1, but remained far below international standards of 95% or more vaccinated. Countries in Cluster 2 also had high infant mortality compared with industrialized nations (i.e. Clusters 3 and 4). Life expectancy at birth was markedly lower than Clusters 3 and 4 (i.e. <55 years on average), with $20-30% of the population being malnourished. Less than half of the countries ($40%) had urbanization. Furthermore, similar to Cluster 1, low healthcare expenditures translated in a low physician density (i.e. <0.5 physician per 1000 population). Approximately 38% of individuals in each country were literate, and safe water access was higher than Cluster 1 nations.
Cluster 3 included the industrialized nations of Bahrain, Jordan, United Arab Emirates, Lebanon, Kuwait and Qatar. The average life expectancy was relatively high in this cluster, >72 years of age. Although GDP was lower compared with countries in Cluster 4, these nations generally had relatively high percentages allocated for health expenditures, low infant mortality rates and low death rates. Aside from Lebanon, these countries in Cluster 3 had high vaccination rates compared with others (i.e. >82%). Relative to Cluster 4, these countries had <8% of malnourished persons and had the highest percentage urbanization (i.e. >80%). Almost all had access to safe water and at least 75% were literate.
All being industrialized countries, Cluster 4 represented Egypt, Morocco, Iran, Tunisia, Syria, Iraq, Oman, Saudi Arabia and Libya. Life expectancy at birth was found to generally parallel Cluster 3, averaging >68 years. Regarding infant/child health, consistently high vaccination averages were observed that paralleled international standards, with the exception of Iraq and Syria. Cluster 4 nations had moderate levels of infant mortality and relatively low death rates. Healthcare expenditures and physician density were comparable with those in Cluster 3, noting that the highest GDPs were also represented. Literacy rates were lower than those in Cluster 3 and percentage urbanization ranged from 43% to 77%, though the majority of countries had 5% or fewer malnourished persons. With the exception of Libya, access to safe water was high.
Econometric analysis
Again, reflecting results of the cluster analysis with averages presented in Table 3 , Clusters 3 and 4 countries generally had smaller populations, longer life expectancies, larger GDPs and health expenditures, more physicians per capita, higher vaccination rates, higher literacy, more safe water, greater urbanization and lower undernourished persons. Significant differences existed across all characteristics between industrialized/developed and non-industrialized/LDCs (P < 0.001 for all values). Production functions of health were analysed for the overall region and by individual cluster.
Results of the overall random-intercept model with these aforementioned lagged covariates are presented in Table 4 . From 1995 to 2010, GDP, vaccination averages and urbanization were positive and significant predictors of life expectancy. In more detail, after controlling for several factors in the multivariate analysis, a 1% increase in GDP was found to be associated with a 0.023% increase in life expectancy (P ¼ 0.011). A one-unit increase in urbanization was associated with a 0.207% increase in life expectancy (P ¼ 0.026). Furthermore, a one-unit increase in vaccination averages was associated with a 0.177% increase in life expectancy (P ¼ 0.026).
Incorporating results from the cluster analysis, the econometric model was also stratified according to: Cluster 1 countries (Table 5) ; Cluster 2 countries (Table 6) ; Cluster 3 countries (Table 7) ; and Cluster 4 countries (Table 8) . Surprisingly, among Cluster 1 nations, there were no significant predictors of life expectancy from the covariates selected. Among Cluster 2 nations, significant and positive predictors of life expectancy included number of physicians per 1000 population (P ¼ 0.014) and vaccination averages (P ¼ 0.044). In more detail, a one-unit increase in vaccination averages was associated with a 0.313% increase in life expectancy. Furthermore, a one-unit increase in physicians (density per 1000 population) was associated with a 54.872% increase in life expectancy. Among more developed nations (i.e. Cluster 3 countries), significant and positive predictors of life expectancy included GDP (P ¼ 0.037) and adult literacy (P ¼ 0.014). In more detail, for every 1% increase in GDP, a 0.015% increase in life expectancy was found. Furthermore, a one-unit increase in adult literacy was associated with a 0.121% increase in life expectancy. Finally, among the more developed Cluster 4 nations, GDP (P ¼ 0.002), health expenditures (P ¼ 0.002) and vaccination average (P ¼ 0.014) were positive and significant predictors of life expectancy. Specifically, for every 1% increase in GDP, a 0.035% increase in life expectancy was observed. Health expenditures had a similar association with life expectancy (i.e. for every 1% increase in health expenditures a 0.036% increase in life expectancy was found). Finally, a one-unit Abbreviations/variable definitions: POP, total population (in millions); LEBirth, life expectancy at birth (in years); GDP, gross domestic product (in billions) per capita; HE, per capita total health expenditure (purchasing power parity); PHYS, physicians (density per 1000 population); VACC, vaccination rates against diphtheria, tetanus toxoid and pertussis DPT3), meningococcus (MCV) and polio (POL3) (average % of children immunized); LIT, adult literacy rate (age 15 and over, who can read and write) both sexes; WATER, access to safe drinking water (%); URBAN, urban population (%); UNOURISH, undernourished/ malnourished (%). Note: Variance-component, multilevel mixed-effects model (i.e. random-intercept with covariates) with finite distributed-lag (5 years) and bootstrap standard errors (5000 iterations); Log-likelihood ¼ 52.5543; N ¼ 2 countries (Afghanistan and Somalia). Full/constant elasticities interpreted as a 1% change in the independent variable is associated with a x% change in life expectancy; semi-elasticities interpreted as a one-unit change in the independent variable is associated with a x% change in life expectancy.
increase in vaccination averages was associated with a 0.396% increase in life expectancy. Compared with developed (i.e. Clusters 3 and 4) countries, non-industrialized/LDCs (i.e. Clusters 1 and 2) had different predictors of life expectancy. GDP, adult literacy and health expenditures had positive and significant associations with life expectancy, whereas physician density was a positive and significant predictor in Cluster 2 countries. For both developed and less developed nations, vaccination rates were positive and significant predictors of life expectancy. Abbreviations/Variable Definitions: POP, total population (in millions); LEBirth, life expectancy at birth (in years); GDP, gross domestic product (in billions) per capita; HE, per capita total health expenditure (purchasing power parity); PHYS, physicians (density per 1000 population); VACC, vaccination rates against diphtheria, tetanus toxoid, and pertussis DPT3), Meningococcus (MCV), and polio (POL3) (average % of children immunized); LIT, adult literacy rate (age 15 and over, who can read and write) both sexes; WATER, access to safe drinking water (%); URBAN, urban population (%); UNOURISH, undernourished/ malnourished (%). Variance-components multilevel mixed-effects model (i.e. random-intercept with covariates) with finite distributed-lag (5 years) and bootstrap standard errors (5000 iterations); Log-likelihood ¼ 217.1521; N ¼ 6 countries (Bahrain, Jordan, Kuwait, Lebanon, Qatar, and United Arab Emirates). Full/Constant elasticities interpreted as a 1% change in the independent variable is associated with a x% change in life expectancy; semi-elasticities interpreted as a one-unit change in the independent variable is associated with a x% change in life expectancy. *Significant at P 0.05. ***Significant at P 0.001. Abbreviations/variable definitions: POP, total population (in millions); LEBirth, life expectancy at birth (in years); GDP, gross domestic product (in billions) per capita; HE, per capita total health expenditure (purchasing power parity); PHYS, physicians (density per 1000 population); VACC, vaccination rates against diphtheria, tetanus toxoid and pertussis (DPT3), meningococcus (MCV) and polio (POL3) (average % of children immunized); LIT, adult literacy rate (age 15 and over, who can read and write) both sexes; WATER, access to safe drinking water (%); URBAN, urban population (%); UNOURISH, undernourished/ malnourished (%). Note: Variance-components, multilevel mixed-effects model (i.e. random-intercept with covariates) with finite distributed-lag (5 years) and bootstrap standard errors (5000 iterations); log-likelihood ¼ 72.7667; N ¼ 4 countries (Djibouti, Pakistan, Sudan and Yemen). Full/constant elasticities interpreted as a 1% change in the independent variable is associated with a x% change in life expectancy; semi-elasticities interpreted as a one-unit change in the independent variable is associated with a x% change in life expectancy. *Significant at P 0.05. ***Significant at P 0.001.
Discussion
This investigation sought to predict the factors determining life expectancy between various socioeconomic, developmental and expenditure factors across the EMR, an area noted for its substantial diversity. Notably, the present work extends previous studies by its explicit estimation of a health production function among both industrialized and non-industrialized nations in the EMR across a 1995-2010 time horizon. Given that substantial differences in health exist in the EMR (i.e. lack of resources for health, political instability, and conflicts), it is important to identify a health production function for life expectancy in order to improve health systems and reduce any gaps in access to care. Across the four different clusters studied, the average life expectancies were 45.70 years (AE4.46) for Cluster 1, 54.89 years (AE5.17) in Cluster 2 countries, 72.57 years (AE3.38) for Cluster 3 and 67.71 years (AE4.65) for countries in Cluster 4, respectively (P < 0.001). Overall, factors found to be significant predictors of life expectancy in the multivariate analysis included GDP, vaccination rates, and urbanization. Among more industrialized nations alone, GDP, adult literacy, health expenditures and vaccination rates were significantly associated with life expectancy, while only vaccination rates and physician density were significant in Cluster 2 countries. Physician density had the most significant impact on LE across all results, accounting for a 54.9% increase in LE for each additional healthcare provider added among Cluster 2 nations. No predictors of life expectancy were found within Cluster 1 countries.
As differences in health represent some of the most important challenges facing many countries in the EMR, results from the current study found similar trends, with substantially higher differences in LE, to Davis and Kuritsky (1997) who reported that developing countries experiencing severe conflict have significantly higher infant mortality and lower life expectancy, shortening life expectancy by 2.35 years. On average, life expectancies in the current work were found to be 26.87 years shorter for Cluster 1 countries and 17.68 years shorter for Cluster 2 countries compared with Cluster 3 nations; however, no explicit control variables were included to assess conflict status within countries.
In Cluster 1 countries, no covariates were significant predictors of life expectancy. This indicates that unobservable characteristics not captured in the model, which may include internal civil strife, political and economic tension, and chronic emergencies and disasters are significantly impacting these countries (WHO 2002; Kronfol 2012a) . El-Jardali et al. (2007) analysed human resources for health planning and management in the EMR and found similar results regarding Afghanistan and Somalia.
In Cluster 2 countries, physician density and vaccination rates were significant predictors of life expectancy, accounting for 54.9% and 0.3% increase for every unit increase in physician density and vaccine rate, respectively. The density of human resources for health, including the supply of physicians, nurses and other healthcare professionals, has been shown to be positively correlated with percentage of deliveries assisted by skilled birth attendants and the proportion of children fully immunized against measles (Speybroeck et al. 2006; Anand and Barnighausen 2007) and negatively correlated with maternal, infant and under-5 mortality (Anand and Barnighausen 2004) . Farahani et al. (2009) estimated the short-and long-term relationship between physician density and infant mortality and found that by increasing the number of physicians by one per 1000 population decreases the infant morality rate by 15% within 5 years and by 45% after 15 years. Given that life Abbreviations/Variable Definitions: POP, total population (in millions); LEBirth, life expectancy at birth (in years); GDP, gross domestic product (in billions) per capita; HE, per capita total health expenditure (purchasing power parity); PHYS, physicians (density per 1000 population); VACC, vaccination rates against diphtheria, tetanus toxoid and pertussis (DPT3), meningococcus (MCV) and polio (POL3) (average % of children immunized); LIT, adult literacy rate (age 15 and over, who can read and write) both sexes; WATER, access to safe drinking water (%); URBAN, urban population (%); UNOURISH, undernourished/ malnourished (%). Note: Variance-component, multilevel mixed-effects model (i.e. random-intercept with covariates) with finite distributed-lag (5 years) and bootstrap standard errors (5,000 iterations); log-likelihood ¼ 225.2128; N ¼ 9 countries (Egypt, Iran, Iraq, Libya, Morocco, Oman, Saudi Arabia, Syria and Tunisia). Full/constant elasticities interpreted as a 1% change in the independent variable is associated with a x% change in life expectancy; semi-elasticities interpreted as a one-unit change in the independent variable is associated with a x% change in life expectancy. *Significant at P 0.05. **Significant at P 0.01. ***Significant at P 0.001.
expectancy is highly correlated with infant mortality, results from this study are consistent with these findings. Although the coverage and quality of immunization programmes varies markedly across the EMR, $1.8 million infants did not receive their third dose of DPT vaccine (WHO Regional Office for the Eastern Mediterranean 2012). In addition, the EMR missed the 2010 target for measles elimination and had to postpone it through 2015 (WHO Regional Office for the Eastern Mediterranean 2012). The coverage of tuberculosis, HIV and malaria has also been slated for substantial improvement, exemplified by the regional case detection rate for tuberculosis being 63% (WHO Regional Office for the Eastern Mediterranean 2012). The leading causes of mortality in the EMR are noncommunicable diseases, responsible for >50% of mortality and >60% of disease burden (WHO Regional Office for the Eastern Mediterranean 2012). Deaths due to lower respiratory infections and liver cirrhosis are also among the highest in the EMR, coupled with some of the highest rates of diabetes and physical inactivity (WHO Regional Office for the Eastern Mediterranean 2012). Findings from the current work are consistent with others focusing upon developing nations, emphasizing the increased need of public health programmes to vaccinate their populations (Rogers and Wofford 1989; Gulis 2000; MacFarlane et al. 2000) .
As noted among Clusters 3 and 4 countries, life expectancy was significantly associated with GDP and adult literacy in Cluster 3, and GDP, health expenditures and vaccination rates in Cluster 4. Foremost, GDP has consistently been the most frequent determinant of life expectancy in the literature (Rogers 1979; Wilkinson 1996; World Bank 2012) . Findings have indicated that there is a strong relationship between level of income, measured by per capita GDP, and life expectancy among developed nations (higher GDP per capita is associated with higher life expectancy) (Anand and Ravallion 1993 ). In the current study, findings support those in the literature, as higher GDPs are frequently associated with a significant increase in life expectancy. Although Cluster 3 is considered developed nations, adult literacy was only 74.0%, on average within the six countries. Previous work has shown that education and social status of women is of major importance with regards to life expectancy (Roy 1988; Robert et al. 1989 . Because female literacy is a strong predictor of family size and birth spacing (Cash et al. 1987) , such improvements would lead to greater overall affluence, better child and maternal nutrition as well as improved intra-family allocation of other resources and better preventive medical care. Health expenditures had a positive and significant association with life expectancy in Cluster 4 countries. Previous literature examining the impact of health expenditure on health status has shown similar results (Hadley 1982; Grubaugh and Santerre 1994) . Given that life expectancy in this region is, on average 68 years, it will be important for countries in this cluster to continue improving life expectancy by clarifying functions and co-ordinating processes between government organizations to improve health system financing and quality of services.
In 2000, MDGs were passed that called for actions to improve the lives of the poor across the world and set targets to be met by 2015 (WHO 2005) . Therein, eight goals were established to (1) eradicate extreme poverty and hunger; (2) achieve universal primary education; (3) promote gender equality and empower women; (4) reduce child mortality; (5) improve maternal health; (6) combat HIV/AIDS, malaria, and other diseases; (7) ensure environmental sustainability; and (8) develop a global partnership for development (WHO 2005) . Since 2000, the strong commitment to the MDGs has had a positive impact on the development of health systems specifically in the EMR. Ministries of Health have also been restructured to address a new integrated and comprehensive approach to service delivery and to focus on decentralization (Sabri 2008) . The majority of countries has expanded their primary health care by supplying essential medicines and to treat minor health problems within various communities. However, as of 2012, progress to meet the MDGs in the EMR has been a major concern, particularly with MDG 4 and 5 relating to child mortality and maternal health. Only four countries have achieved MDG 4, and six countries have achieved MDG 5 (WHO Regional Office for the Eastern Mediterranean 2012). Many countries still trail with regard to water and sanitation, a key determinant of health.
Although improvements have been made to address public health concerns in both developed and developing nations, several challenges still exist. Marked differences in healthcare financing across countries and persons have not necessarily received adequate attention, reflected by an observed increase in out-of-pocket spending and reduction in government spending on health (Sabri 2008) . Both globally and regionally, research conducted by the WHO suggests a worsening trend of catastrophic health expenditures and impoverishment following sickness (WHO 2004) . The achievement of health goals in the EMR has also been delayed by political disputes, war and civil strife that clearly complicate the existing issues of changing disease epidemiology, demographic differences and insufficient healthcare infrastructure. Given that one of the most important regional barriers to development of primary care systems is an insufficient number of family physicians and other primary care providers, it should be noted that $5-10% of the healthcare workforce in the EMR is composed of family physicians, nurses and health technicians that are citizens of their respective countries (Abyad et al. 2007) . In this context, it has been suggested that primary care providers adopt: (1) a patientcentred team approach; (2) elimination of barriers to access; (3) advanced information systems; (4) an electronic health record; (4) redesigned, more-functional offices; (5) a focus on quality and outcomes; and (6) enhanced practice finance (Martin et al. 2004) . Although the large sunk cost to establish this infrastructure may be outside of the realm of possibility for developing nations (especially across the breadth of all care settings), the counterargument is that without the capability of monitoring patient outcomes, improving the public's health under tremendous resource scarcity becomes even more challenging. In most European countries, the adoption of electronic health records and e-prescribing remains high (>90%) and has been driven in part by two key factors: quality incentives and direct reimbursement (Van Dijk et al. 2011 and Protti et al. 2006) . If any form of electronic medical record were able to offer a similar type of data collection within high-volume emergency department or inpatient settings among the nations studied, efficiency in terms of maximizing outcomes and minimizing costs may be better understood. Additionally, a focus upon a restructuring of healthcare professional curricula, training and research has been fraught with fiscal concerns and resistance from practitioners themselves (Beasley 2004; Martin et al. 2004) . In view of this collective background and the awareness of the importance of primary health care, policymakers have continued to reaffirm their commitment to the values and principles of the MDG (WHO 2008) .
Certain policy priorities have been recommended based upon results from this study (Table 9 ). Based upon results from the econometric analyses, the primary suggested policy priorities for each cluster have been highlighted. Due to the very low LE in Cluster 1 nations, the most important priorities focus on socioeconomic factors including increasing access to safe drinking water and decreasing the population of malnourished to less than 10%. Given the significant impact of physician density on LE in this group, the highest priority for Cluster 2 nations is to focus on health intervention factors by increasing access to physicians and other medical personnel. Generating this increase in healthcare providers will differ from socioeconomic policy, as socioeconomic policy occurs mostly at the macro-level, whereas healthcare intervention policy requires a combination of macro-and micro-level implementation (Killoran and Popay 2002) . Emphasis on partnership and community planning, and addressing fundamental difficulties in influencing the mainstream across primary care physicians and other healthcare providers will be essential to address the need for healthcare reform. Clusters 3 and 4 (i.e. more developed nations) should prioritize increasing overall health expenditures and identifying elements of an equitable health financing system in their respective countries. Both of these clusters will have to face challenges implementing socioeconomic policy at the macro-level due to different perceptions of leadership roles, commitment and accountability of various government departments, and addressing the lack of public health policy within their respective nations. With regards to all clusters, vaccination rates need to be increased to achieve the international standard of 95% or greater for all vaccines. Pre-/ post-natal care can be improved in all clusters through increased education of women and access to pre-/post-natal care to decrease the infant mortality rate. Women should have access to modern contraception and care in pregnancy and childbirth. It is important to identify gaps in education programmes and improve adult literacy in women in all clusters. This can be accomplished via the support of international organizations (such as the WHO), which can develop clear policies and legislation in this area based on a 'wholehealth' approach, and paying special attention to safeguarding health facilities and health workforce in times of emergency (WHO Regional Office for the Eastern Mediterranean 2012). Results from this study support the recommendation that the development of healthcare policy should be conducted by countries bundled together by their relative similarity in pricing, resource utilization and healthcare activities, while simultaneously learning and identifying solutions to the differences that may exist above and beyond these similarities and structure policy accordingly (Abraham and Bootman 2012) . Closer examination of transnational policy to increase healthcare infrastructure in this region is warranted.
Despite the extended time horizon and analytic approach employed in the current work, certain limitations should be considered when interpreting results. Foremost, as even broad health data from the EMR remain limited, exogeneity is likely to be present surrounding the econometric model that was specified (Engle et al. 1983) . Thus, results are particularly emphasized as not being causal in nature given that several unobservable factors could not be assessed (e.g. smoking, pharmaceutical consumption, fat intake, health status, disease epidemiology, cultural preferences, civil conflict) (Granger 1969) . Particularly regarding the lack of pharmaceutical consumption data available for EMR nations, for example, important research continues to remain concerning the use of essential medications within both developing and developed countries (Granville 2002). In addition, while a bootstrap analytic approach was undertaken to obtain results given the availability of data, it should also be noted that other aspects of the analytic framework might influence findings. To illustrate, a lack of significance in the model estimation for Cluster 1 (i.e. large coefficient estimates with a large standard error) may indeed reflect that only two countries were represented. The current work also did not seek to evaluate other key components of healthcare systems including effectiveness, efficiency and equity (Begley et al. 2004) . Further, results are not necessarily generalizable to other nations, regions or time periods and this should be undertaken with caution. Finally, it should be noted that the selection of variables used to estimate the health production function in the EMR was based upon prior theoretical and empirical work, wherein each has been found to contribute a substantial role in life expectancy; the observation of a limited number of variables being statistically significant in the current work does not deter, as the coefficient estimation was conducted specifically to capture the variability within the EMR region itself. Thus, a significant finding consistent with one variable is reflective of this regional variation only and does not suggest that non-statistically significant findings are unimportant or unrelated to life expectancy in this region and other parts of the world.
Overall, many health factors central to the policy recommendations made to the EMR are captured in the current investigation (WHO 2005) . Several countries continue to balance healthcare expenditures with attaining safe water access and decreasing the percentage of malnourished individuals, also noting the need to establish more equitable physician per capita ratios and vaccination rates consistent with international standards. Currently, the EMR has a limited understanding of investing in human resources for health, which may hinder sustainable healthcare reform (Chen et al. 2004; Hongoro and McPake 2004) . Evidence indicates that successful healthcare reform in any country depends on the provision of effective, efficient, assessable, sustainable and high-quality services for a health workforce that is sufficient in number with appropriate training and distribution (El-Jardali and Fooks 2005) . The WHO has developed strategic directions for the EMR region from 2012 to 2016 that help improve human resources for health by strengthening health governance, financing, information systems and research for health, health service delivery and workforce planning, production, training and retention (WHO Regional Office for the Eastern Mediterranean 2012). 
Conclusion
This investigation of health production across EMR nations from 1995 to 2010 found significant predictors of life expectancy among developed nations to include GDP, health expenditures, literacy and vaccination averages while vaccination rates and physician density were significant among non-industrialized countries. Non-industrialized/least developed nations were associated with life expectancies of >14% lower than their industrialized peers, translating to over a decade lost after controlling for other factors. Numerous criteria impacting health outcomes for these countries were substantially below international standards, including vaccination rates (56%), access to safe water (58%), literacy (43%), undernourishment (36%) and physicians per capita (0.3 per 1000). Particularly among these nations, external assistance from other countries or organizations may help mitigate political and economic tension, increase access to physicians and other healthcare professionals and improve health workforce, planning, production, training, retention and infrastructure to increase life expectancy and health outcomes. To achieve consensus goals and to improve outcomes in this region of the world, continued work to both study and address differences in the quality of and access to care is required.
